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The climate of the planet earth is changing mainly as a result of the increasing concentration of 
anthropogenic emissions of greenhouse gases in the atmosphere. Climate change causes undesired 
effects including global warming, sea level rise, occurrence of frequency of extreme events such as 
droughts and floods, and so on to coupled human-environment systems. This review paper emphasizes 
on climate change mitigation in agriculture and forestry sectors, which are the two biggest emitters 
(sources) as well as sinks of greenhouse gases. Ethiopia’s contribution to global emission is 
insignificant. By 2010, Ethiopia’s overall emissions were estimated to 150 MtCO2e which is projected 
to be more than double, 400 MtCO2e by 2030 under a business-as-usual scenario. Ethiopia intended to 
limit greenhouse gas emissions to 145 MtCO2e by 2030. Agriculture and forestry sectors are the two 
biggest emitters of greenhouse gases while methane, carbon dioxide and nitrous oxide are the major 
greenhouse gases emitted in the country. The country has designed and implementing several climate 
friendly policies, programs and strategies including Climate Resilient Green Economy, Nationally 
Appropriate Mitigation Actions, Reducing Emission from Deforestation and Forest Degradation and 
Intended Nationally Determined Contribution in order to follow green development paths and hence 
contribute to the global climate protection.     
 
 
1. Introduction 
 
 
    There are now strong evidences, which show that the earth’s climate is changing mainly as a result of the 
increasing concentration of greenhouse gases in the atmosphere that are emitted from various human activities. 
According to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) (IPCC, 
2014). Warming of the climate system is unequivocal, as is now evident from observations of increases in global 
average air and ocean temperatures, widespread melting of snow and ice, and rising global average sea level.  
Climate change resulting from past, current, and future greenhouse gas (GHG) emissions has various adverse 
impacts on socio-economic development of nations. Warming of the atmosphere and ocean surfaces, increase in 
extreme weather and climate events such as heat waves, drought and flooding threatens agriculture (reduction in 
crop production), human health (increase in vector-borne and water-borne diseases) and loss of livelihoods 
especially for people living in poverty (IPCC, 2014).  
 
    Developing countries in general and least developed countries in particular are more vulnerable to the adverse 
impacts of climate variability and change. This is due to their low adaptive capacity and high sensitivity of their 
socio-economic systems to climate variability and change. To this end, countries depending up on their 
capacities should design different mitigation and adaptation strategies so as to reduce the negative impacts of 
climate on their socio-economic systems.  
 
    Mitigation refers to an anthropogenic intervention to reduce the sources and/or enhance the sinks of 
greenhouse gases (IPCC, 2001; 2007). It is intended to reduce the emissions of greenhouse gases that are 
warming our planet or increasing the various ways through which greenhouse gases can be removed from the 
atmosphere. The issue of mitigation is expressed under “Article 2” of the United Nations Framework Convention 
on Climate Change (UNFCCC) with an ultimate goal: “is to achieve … stabilization of greenhouse gas (GHG) 
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the 
climate system.” (UNFCCC, 1992). 
 
    Sources: refer to any process, activity or mechanism that releases a greenhouse gas (GHG), an aerosol, or a 
precursor of a greenhouse into the atmosphere (IPCC, 2007). Ethiopia emitted 141 million metric tons of carbon 
dioxide equivalent (MtCO2e) in 2011, with 61 percent of greenhouse gas emissions coming from the agriculture 
sector (USAID, 2011; FAOSTAT, 2015). 
 
The key greenhouse gases that are being emitted by human activities from different sources are: 
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 Carbon dioxide (CO2): Fossil fuel use is the primary source of CO2.  CO2 is also emitted from direct human-
induced impacts on forestry and other land use, such as deforestation, land clearing for agriculture, and 
degradation of soils.  
 Methane (CH4): Agricultural activities, waste management, energy use, and biomass burning all contribute 
to CH4 emissions. 
 Nitrous oxide (N2O): Agricultural activities, such as fertilizer use, are the primary source of N2O emissions. 
Fossil fuel combustion also generates N2O. 
 Fluorinated gases (F-gases): Industrial processes, refrigeration, and the use of variety of consumer products 
contribute to emissions of F-gases, which include hydro fluorocarbons (HFCs), perfluorocarbons (PFCs), 
and sulfur hexafluoride (SF6). Fluorinated gases have no natural sources and only come from human-related 
activities. They are emitted through a variety of industrial processes such as aluminum and semiconductor 
manufacturing.  
 
    Sinks: refers to any process, activity or mechanism that removes a greenhouse gas, an aerosol, or a precursor 
of greenhouse gas or aerosol from the atmosphere (IPCC, 2001). In analyzing the sinks for greenhouse gases, 
more emphasis is given to long-lived gases including carbon dioxide, methane, nitrous oxide and halogen-
containing compounds. 
 
    Carbon Dioxide (CO2): Various sources release this gas in huge concentrations and cause warming effect. The 
land-based sink of this gas is largely the incorporation of CO2 into the products of photosynthesis by green 
plants. The oceanic sink includes photosynthesis by phytoplankton as well as dissolution, acid-base reactions, 
and carbonate-forming reactions of many marine organisms (IPCC, 2007). 
 
    Biological approaches to sequestration include direct removal of carbon dioxide from the atmosphere through 
land-use change, afforestation, reforestation, and practices that enhance soil carbon in agriculture. Physical 
approaches include separation and disposal of carbon dioxide from flue gases or from processing fossil fuels to 
produce hydrogen- and carbon dioxide-rich fractions and long-term storage in underground in depleted oil and 
gas reservoirs, coal seams, and saline aquifers. 
 
    Methane (CH4): The main sink for atmospheric CH4 is oxidation by hydroxyl radicals, ·OH. The concentration 
of CH4 remained almost constant from about 1995 to 2006. The concentration of ·OH did not change appreciably 
during this period, so the rate of CH4 destruction was constant, which implied that the rate of emission was also 
not changing. The concentration of CH4 again began to increase at about 7 ppb per year, about half the rate as 
during the 1980s (IPCC, 2007). 
 
    Nitrous Oxide (N2O): The major sink for atmospheric N2O is destruction in the stratosphere where the 
majority undergoes photolysis to N2 + O. The remaining N2O reacts with O to produce NO, which can enter into 
a stratospheric ozone-depleting reaction cycle. Thus, N2O, like many halogen-containing gases, is important both 
as a greenhouse gas and as an ozone-depleting substance. 
 
    Halogen-containing gases: Almost all of the long-lived halogen-containing gases in the atmosphere are 
synthetic (human-made) and did not exist in the atmosphere before the industrial era. The processes that remove 
perfluorocarbons from the atmosphere are very slow. So, these greenhouse gases will persist for many thousands 
of years. The amounts in the atmosphere now and whatever is added in the future are permanent residents. 
 
    Climate change affects Ethiopia like so many other developing countries of the world negatively. But, the 
contribution of the country is very negligible. In this review, it is intended to look at the effort that Ethiopia is 
undertaking to mitigate the impacts of climate change by emphasizing on the two major contributor sectors: 
Agriculture and Forestry. 
 
Generic Mitigation Technologies 
    Technology and technological change offer the main possibilities for reducing future emissions and achieving 
the eventual stabilization of atmospheric concentrations of GHGs. According to IPCC Fourth Assessment 
Report, the ways in which technology reduces future GHG emissions in long-term emission scenarios include: 
 Improving technology efficiencies and thereby reducing emissions per unit service (output). These measures 
are enhanced when complemented by energy conservation and rational use of energy. 
 Replacing carbon-intensive sources of energy by less intensive ones, such as switching from coal to natural 
gas; efficiency improvements (e.g. combined cycle natural gas power plants are more efficient than modern 
coal power plants). 
 Introducing carbon capture and storage to abate uncontrolled emissions.  
 Introducing carbon-free renewable energy sources ranging from a larger role for hydro and wind power, 
photovoltaics and solar thermal power plants, modern biomass and other advanced renewable technologies. 
 Enhancing the role of nuclear power as another carbon free source of energy.  
 New technology configurations and systems, e.g. hydrogen as a carbon-free carrier to complement 
electricity, fuel cells and new storage technologies. 
Worku                                                                 Agric. For. J. Vol. 4, No. 1 (2020) 
 
© 2020 Agriculture and Forestry Journal 
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial 3.0 International License 
13 
 Reducing GHG and CO2 emissions from agriculture and land use in general critically depends on the 
diffusion of new technologies and practices that could include less fertilizer-intensive production and 
improvement of tillage and livestock management. 
With all these technologies, future greenhouse gases emissions from different sources can be mitigated. 
  
2. Methods 
 
2.1. Description of the study area 
 
    Astronomically, Ethiopia is located between 30 – 150 N latitudes and 330 – 480 E longitudes. Ethiopia is 
bounded by Eritrea to the north, Djibouti to the northeast, Somalia to the east, Kenya to the south, and South 
Sudan and Sudan to the west. Because Ethiopia is located in the tropical latitudes, its areas of lower elevation 
experience climatic conditions typical of semi-arid and arid climate. However, relief plays a significant role in 
moderating temperature, so higher elevations experience weather typical of temperate zones. Thus, average 
annual temperatures in the highlands are as low as 15.5 0C, while the lowland’s average is 26.7 0C.          
 
    Ethiopia’s topography, one of the most rugged in Africa and its complex relief defies easy classification: 
western highlands and lowlands, eastern highlands and lowlands and the Rift Valley. The Western Highlands are 
the most extensive and rugged topographic component of Ethiopia. The most spectacular portion is the North 
Central massifs, which form the roof of Ethiopia. The highest point, Mount Ras Dejen/Dashen (class T - 
Hypsographic) with 4,620 meters above mean sea level) is found in this category. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Location map of the study area 
(Source: https://www.britannica.com/place/Ethiopia/) 
 
2.2. Mitigation policies, strategies and programmes 
 
    In order to achieve the intended objective, various documents including policies, strategies, programmes and 
reports were reviewed. Some of them include Climate Resilient Green Economy (CRGE) strategy, Nationally 
Appropriate Mitigation Action (NAMA) document, the Reducing Emissions from Deforestation and Forest 
degradation (REDD+) strategy, the Intended Nationally Determined Contribution (INDC) document and the 
Ethiopia’s Second National Communication report to the United Nations Framework Convention on Climate 
Change (UNFCCC). 
 
    Taking in to account national documents mentioned above more emphasis is given to Agriculture and 
Forestry, which are the most important sources and sinks of greenhouse gases (GHG) emissions in the country 
than other sectors such as power sector and energy end-use sectors (Industry, Transportation and Buildings). 
Therefore, these documents were thoroughly reviewed in order to analyze the country’s contribution and efforts 
towards green development.  
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3. Results  
 
3.1. National Greenhouse gas Inventory 
 
    Ethiopia used internationally accepted methods (IPCC) in order to estimate/calculate emissions by sources and 
removals by sinks. The Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories were used to 
estimate the country’s greenhouse gas emissions for the years 1994-2013 by sources and removals by sinks. 
Emissions/removals of seven gases, namely carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), nitrogen 
oxides (NOX), carbon monoxide (CO), non-methane volatile organic compounds (NMVOC) and sulfur dioxide 
(SO2), were addressed. 
 
    Ethiopia’s contribution to the global GHG emissions since the industrial revolution has been practically 
negligible; around 150 Mt CO2e that represent less than 0.3% of global emissions. According to Ethiopia’s 
Second National Communication Report (2015), of the 150 Mt CO2e in 2010, more than 85% of GHG emissions 
came from the agricultural (livestock emitted methane and nitrous oxide totaling 65 Mt CO2e [42%]; crop 
cultivation emitted nitrous oxide 12 Mt CO2e [9%] – together 51%) and forestry (deforestation and forest 
degradation due to cutting and burning fuel wood and due to logging, in total 55 Mt CO2e which is 37%) sectors 
(Fig.2).  
 
 
 
 
 
 
 
 
 
 
Figure 2. Ethiopia’s total GHG emissions in 2010 (Source: CRGE, 2011) 
    Methane and carbon dioxide are the primary greenhouse gases emitted through human activities in Ethiopia. 
In 2013, methane and carbon dioxide accounted respectively for about 52% and 26% of all greenhouse gas 
emissions from human activities in the country. 
 
    The pie charts in figure 3 indicates that, 79% of all emissions were from the agriculture, forestry and other 
land uses (AFOLU) sector while the energy and industrial processes and product use (IPPU) sectors contributed 
15% and 1% respectively and the waste sector only 5%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Emissions by sector and by gas, 2013; 
(Source: Ethiopia’s Second National Communication (SNC), 2015) 
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Table 1. Ethiopia’s GHG emissions by gas in 2013 
 
Gases Emissions (Gg 
of CO2e) Sources of emissions Remark 
CH4 72,793.82 (49.8%) 
• Enteric fermentation associated with domestic livestock (26%) 
• Use of fuel wood and wood waste in the residential and commercial 
institutions (26%)  
• Solid waste disposal and decomposition (25%) 
• Wastewater treatment and discharge (6%) 
• Manure management and biomass burning at 5% each 
• Rice cultivation (3%) 
• Transport (2%) 
• Solid fuels (coal) and energy industries 1% each 
 
CO2 40,357.15 (27.61%) 
• Crop land (59%) 
• Grassland (33%) 
 
N2O 30,418.03 (20.81%) 
• Manure management (44%) 
• Managed soils (40%) 
• Fuel combustion activities (5%) 
• Other energy sectors (residential and commercial) (5%) 
• Wastewater treatment and discharge (4%) 
 
Sub-
total 
143,569 
(98.22%) 
  
Others 2,591.43 
(1.78%) 
  
Total 146,160.43 
(100%) 
  
 
 
Source: Ethiopia’s Second National Communication (SNC),2015 
 
3.2. Drivers for the projected increase in emissions  
 
    Under current practices, greenhouse gas emissions in the country would be more than double from 150 Mt 
CO2e in 2010 to 400 Mt CO2e in 2030. The main drivers for this projected development are:  
 
■ Agriculture   
– Livestock: The cattle population is expected to increase from close to 50 million today to more than 90 
million in 2030. This will increase emissions from 65 MtCO2e today to almost 125 Mt in 2030.   
– Soil: Agricultural crop production will increase from around 19 million tonnes today to more than 71 
million tonnes in 2030. This is primarily due to the increased fertilizer usage and an increase in land used for 
agriculture. This will increase emissions from 12 MtCO2e today to more than 60 Mt in 2030.  
 
■ Forestry  
– Deforestation leads to CO2 emissions, and is mostly caused by the conversion of forested areas to 
agricultural land. Emissions are projected to grow from 25 MtCO2e in 2010 to almost 45 Mt in 2030.  
– Forest degradation leads to CO2 emissions, and is primarily caused by fuel wood consumption and logging 
in excess of the natural yield of the forests, with the major driver being population growth. Emissions are 
projected to grow from around 25 MtCO2e in 2010 to almost 45 Mt in 2030. 
 
3.3. Mitigation Policies and Strategies 
 
    The Ethiopian Government has already put in place a number of policies, strategies and programs aimed at 
enhancing the adaptive capacity and reducing the vulnerability of the country to climate variability and change. 
Such programs include the Plan for Accelerated and Sustainable Development to End Poverty (PASDEP), the 
Environmental Policy, and the Agriculture and Rural Development Policy and Strategy. The Government have 
established a Strategic Investment Framework for sustainable land management (SLM) but the cost and capacity 
implications of climate change have yet to be built into this. Ethiopia is signatory to a host of environmental 
agreements that require countries to develop specific implementation mechanisms and fulfill obligations 
involving reporting, training, public education, and other activities (UNFCCC, 2007). 
 
    Though Ethiopia’s per capita emission is very low, the country follows the green development path planning 
to limit its own emission in a strategy called Ethiopia’s Climate Resilient Green Economy (CRGE). If Ethiopia 
were to pursue a conventional economic development path to achieve its ambitious targets, to reach middle-
income status before 2025, the resulting negative environmental impacts would follow the patterns observed all 
around the globe. 
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The CRGE initiative follows a sectoral approach, which could help the country achieve its development goals 
while limiting 2030 GHG emissions to around today’s 150 Mt CO2e. 
 
    The green economy plan that Ethiopia has designed so as to reduce carbon emission and follow green 
development path is based on the following four pillars where the first two goes with agriculture and forestry 
sectors (Fig.4): 
 
1. Improving crop and livestock production practices for higher food security and farmer income while 
reducing emissions; 
2. Protecting and re-establishing forests for their economic and ecosystem services, including as carbon stocks;   
3. Expanding electricity generation from renewable sources of energy for domestic and regional markets;  
Leapfrogging/jumping to modern and energy-efficient technologies in transport, industrial sectors, and 
buildings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. GHG emissions under business-as-usual (BAU) and green economy 
Source: CRGE, 2011 
 
    As part of the strategy to create a green economy, the government has selected four initiatives for fast-track 
implementation: exploiting the vast hydropower potential; large-scale promotion of advanced rural cooking 
technologies; efficiency improvements to the livestock value chain and Reducing Emissions from Deforestation 
and Forest Degradation (REDD+).  
 
    The REDD+ Strategy aims to reduce emissions from deforestation and forest degradation, and to enhance the 
role of conservation and sustainable management of forests. By creating financial value for carbon stocks, it 
aims to show the value of forests. The World Bank funds the REDD+. 
 
    Ethiopia intends to limit its net greenhouse gas (GHG) emissions in 2030 to 145 MtCO2e or lower. This would 
constitute a 255 MtCO2e or a 64% reduction from the projected ‘business-as-usual’ (BAU) emissions scenario in 
2030 as stated in the country’s Intended Nationally Determined Contribution (INDC) document include 90 
MtCO2e from agriculture, 130 MtCO2e from forestry, 20, 10 & 5 MtCO2e from industry, transport and buildings 
respectively. This does not include the reduction of 19 MtCO2e in neigh boring countries due to the export of 
electric power to them from Ethiopia.    
 
    The full implementation of Ethiopia’s INDC is contingent upon an ambitious multilateral agreement being 
reached among parties that enables Ethiopia to get international support that stimulates investments. 
The implementation of the CRGE would ensure a resilient economic development pathway while decreasing per 
capita emissions. The CRGE is also integrated into the Second Growth and Transformation Plan (GTP-II) which 
is the national development plan. In the long term, Ethiopia intends to achieve its vision of becoming carbon-
neutral, with the mid-term goal of attaining middle income status by 2025 (CRGE, 2011). 
 
    On the other hand, to achieve the green economy initiatives, Ethiopia proposed Nationally Appropriate 
Mitigation Actions (NAMA) with intention of reducing and reversing the process of land degradation in Ethiopia 
(NAMA, 2015). NAMAs are policies, programmes and projects that developing countries undertake to 
contribute to the global effort to reduce greenhouse gas emissions (Roser et al., 2014).  
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Paragraph 1 (b) (ii) of the Bali Action Plan called for “Nationally appropriate mitigation actions’ (NAMAs) by 
developing country Parties in the context of sustainable development, supported and enabled by technology, 
financing and capacity building, in a measurable, reportable and verifiable manner" (UNFCCC, 2007). In 
Copenhagen in 2009, 114 countries agreed to the Copenhagen Accord and committed to undertaking mitigation 
actions as part of a shared responsibility to reduce greenhouse gas emissions, including an agreement that 
support should be provided to developing countries (UNFCCC, 2009). In Cancun in 2010, developed countries 
agreed to provide $30 billion in fast-start financing and mobilize $100 billion per year by 2020 to finance 
mitigation and adaptation in developing countries (UNFCCC, 2010). 
 
    NAMA will impact GHG emissions by applying innovative afforestation and agroforestry technologies with a 
focus on highly degraded lands in four regional states of Ethiopia: Amhara, Oromia, SNNP and Tigray (which 
covers 57 percent of the country and 86 percent of the total population) and has the following specific objectives 
(NAMA, 2015):  
 
• to rehabilitate and create productive forest land through afforestation, reforestation as well as using 
agroforestry systems;  
• to expand afforestation and reforestation programs through plantation forests;  
• to improve local livelihood by diversifying income generation; and  
• to reduce GHG emissions and enhance forest and soil carbon stocks.  
The proposed NAMA supports the government in attaining the main development goals contained in the 
GTP and contribute to key objectives of the CRGE i.e., to foster economic development and growth, to 
ensure abatement and avoidance of future emissions and to improve resilience to climate change. 
The proposed NAMA will assist in the fulfillment of the objectives of the CRGE Strategy. One of the 
objectives is to increase sequestration by afforestation/reforestation and forest management - through 
rehabilitation of degraded vegetation cover; estimated to sequester 11,055,822 tCO2e over 20 years. The 
Green Economy Strategy aims for a forestry sector abatement of 130 Mt in GHGs by 2030. 
 
3.4. Mitigation Strategies by Sectors 
 
a) Agriculture: Improving crop and livestock production practices for higher food security and farmer income 
while reducing emissions. This can be achieved through the following initiatives:  
– Intensify agriculture through usage of improved inputs and better residue management resulting in a 
decreased requirement for additional agricultural land that would primarily be taken from forests,  
– Create new agricultural land in degraded areas through small-, medium-, and large-scale irrigation to reduce 
the pressure on forests,  
– Introduce lower-emission agricultural techniques, ranging from the use of carbon- and nitrogen-efficient 
crop cultivars to the promotion of organic fertilizers.  
b) Forestry: Protecting and re-establishing forests for their economic and ecosystem services, including as 
carbon stocks. Forestry, as a sector, can even yield ‘negative emissions’ via sequestration, (130 MtCO2e) 
i.e., storage of carbon in the form of wood, at a level that surpasses emissions from deforestation and forest 
degradation. 
The CRGE initiative that could help to develop sustainable forestry and reduce fuel wood demand is:   
• Reduce demand for fuel wood via the dissemination and usage of fuel-efficient stoves and/or alternative-fuel 
cooking and baking techniques (such as electric, LPG, or biogas stoves),  
• Increase afforestation, reforestation, and forest management to increase carbon sequestration in forests and 
woodlands. 
In summary, developed countries committed themselves not only to limit their own emissions, but also to 
facilitate the transfer of climate-friendly technology and to provide developing countries with the ‘new and 
additional financial resources’ necessary to cover the cost of adaptation. The involvement of developing 
countries in the prevention of climatic risk depends principally on the transfers of technology and finance 
from the richest countries. 
 
4. Conclusion 
 
    Many mitigation and adaptation actions to address climate change in developing countries, are needed 
irrespective of the outcomes of global negotiations on FCCC, Kyoto Protocol or other emerging arrangements. 
The effectiveness of climate change mitigation can be enhanced when climate policies are integrated with the 
non-climate objectives of national and sectoral policy development and be turned into broad transition strategies 
to achieve the long-term social and technological changes required for both sustainable development and climate 
mitigation.  
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    Ethiopia is one of the developing countries vulnerable to the adverse effects of climate change. This is because 
of a larger share of its economy is in climate-sensitive sectors and its adaptive capacity is low due to limited 
human, financial and natural resources, and institutional and technological capacity. Despite this, the country’s 
contribution to global emission of greenhouse gases is insignificant by global standard. Though developing their 
own strategies independently in order to address climate impacts irrespective of the outcomes of global 
negotiations was one of the biggest challenges for developing countries post-Kyoto, Ethiopia is playing her part 
to limit the emission of greenhouse gases. To this end, Ethiopia has already committed to develop and 
implement several strategies so as to mitigate the impacts of climate change. These include CRGE strategy, 
NAMA, REDD+ program.  
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